Aims and objectives. The purpose of this study was to determine nurses' perceptions about caring for patients with traumatic brain injury. Background. Annually, it is estimated that over 10 million people sustain a traumatic brain injury around the world. Patients with traumatic brain injury and their families are often concerned with expectations about recovery and seek information from nurses. Nurses' perceptions of care might influence information provided to patients and families, particularly if inaccurate knowledge and perceptions are held. Thus, nurses must be knowledgeable about care of these patients. Methods. A cross-sectional survey, the Perceptions of Brain Injury Survey (PBIS), was completed electronically by 513 nurses between October and December 2014. Data were analysed with structural equation modelling, factor analysis, and pairwise comparisons. Results. Using latent class analysis, authors were able to divide nurses into three homogeneous sub-groups based on perceived knowledge: low, moderate and high. Findings showed that nurses who care for patients with traumatic brain injury the most have the highest perceived confidence but the lowest perceived knowledge. Nurses also had significant variations in training. Conclusions. As there is limited literature on nurses' perceptions of caring for patients with traumatic brain injury, these findings have implications for training and educating nurses, including direction for development of nursing educational interventions. Relevance to clinical practice. As the incidence of traumatic brain injury is growing, it is imperative that nurses be knowledgeable about care of patients with these injuries. The traumatic brain injury PBIS can be used to determine inaccurate perceptions about caring for patients with traumatic brain injury before educating and training nurses.
• Nurses worldwide, regardless of hospital setting, are likely to see patients with traumatic brain injury (TBI) depending on severity of injury, time since injury and comorbidities. Patients with TBI and their families are often concerned with expectations about recovery and seek information from nurses. However, nurses' perceptions of care might influence information provided to patients and families, particularly if inaccurate knowledge and perceptions are held.
• A cross-sectional survey was completed electronically by 513 nurses between October and December 2014 to determine nurses' perceptions about caring for patients with TBI. Authors were able to divide nurses into three homogenous subgroups based on perceived knowledge: low, moderate and high. Findings showed that nurses who care for patients with TBI the most have the highest perceived confidence but the lowest perceived knowledge. Nurses also had significant variations in training.
• These findings have implications for educating nurses globally about care of patients with TBI, including direction for development and testing of nursing educational interventions.
Introduction
There is a high incidence of traumatic brain injury (TBI) across the globe, with over 10 million people sustaining a TBI each year (Hyder et al. 2007) . Nurses worldwide, regardless of hospital setting, are likely to see patients with TBI depending on severity of injury, time since injury, and comorbidities (McQuillan & Mitchell 2002) . Nurses play an important role in caring for patients with TBI, as these patients and their families are often concerned with expectations about recovery and seek information from nurses (Long et al. 2002) . It's important that nurses have accurate perceptions about care, as their perceptions might influence information provided to patients and families, particularly if inaccurate knowledge and perceptions are held (Grol 1997) . Although the limited available research has revealed gaps in nurses' knowledge and inconsistencies in clinical practice, no literature could be located on nurses' perceptions of training and education to care for patients with cognitive impairments caused by a new TBI or a history of moderate-to-severe TBI.
To determine nurses' perceptions about caring for patients with TBI, a cross-sectional survey, the Perceptions of Brain Injury Survey (PBIS), was completed electronically by 513 nurses between October and December 2014. Our findings show nurses who care for patients with TBI the most have the highest perceived confidence but the lowest perceived knowledge. Nurses also had significant variations in training. These findings have implications for training and educating nurses, including direction for development of nursing educational interventions. The PBIS can be used to determine inaccurate perceptions about caring for patients with TBI before educating and training nurses, which is applicable to nurses around the world.
Background
Traumatic brain injury is defined as 'a bump, blow or jolt to the head or a penetrating head injury that disrupts the normal function of the brain' (Centers for Disease Control and Prevention, 2014) . Globally, over 10 million people are estimated to sustain a TBI on an annual basis; however, estimates of TBI incidence rates worldwide are limited (Hyder et al. 2007 ). Each year, more than 2Á5 million people sustain a TBI in the United States (U.S.) (Centers for Disease Control and Prevention, 2014) , and there are currently over 5Á3 million people living with chronic disabilities caused by TBI residing in the U.S. (Vanderploeg et al. 2008) . Treatment of TBI has great public health significance, as each year, approximately $76Á5 billion is spent on TBI treatment and rehabilitation (Finkelstein et al. 2006) . TBI occurs most in young children between 0-4 years, followed by adolescents between 15-19 years, and adults age 65 years and older (Faul et al. 2010) . Although the incidence of TBI in women is increasing, men have higher rates of TBI than women regardless of age group (Faul et al. 2010) . Regardless of gender, over 75% of all cases of TBI are mild (Rao et al. 2010) . Although the majority of TBI cases are mild, those who sustain moderate-to-severe injuries endure chronic impairments (Corrigan & Hammond 2013) .
After sustaining a moderate-to-severe TBI, cognitive impairments may include impairments in memory, attention, executive function, and psychomotor and verbal communication skills (Brain Injury Association of America, 2015); deficits causing decreased capacity for new learning and slowed information processing are also typical (Brain Injury Association of America, 2015) . These impairments are chronic, often lasting a lifetime and affecting various aspects of the person's life, including learning, employment and social relationships (Faul et al. 2010) . In comparison, cognitive impairments caused by mild TBIs often include emotional distress and poorer physical functioning (e.g., fatigue) (Brain Injury Association of America, 2015) . Impairments caused by mild TBI are less severe than those seen in patients with moderate-to-severe TBI. Mild TBI symptoms may be resolved hours, days or weeks after injury (Brain Injury Association of America, 2012), whereas recovery can take months to years after a moderate-tosevere TBI (Millis et al. 2001) . As TBI occurs primarily in younger demographic (Faul et al. 2010) , those with moderate-to-severe injuries are likely to live with chronic cognitive impairments over their life span (Corrigan & Hammond 2013) , including when facing other health conditions later in life.
Chronic cognitive impairments are likely to have an influence on the way patients with a history of moderate-tosevere TBI communicate and receive information and education from healthcare providers, including having difficulty with communication, comprehension, and retention of information (Povlishock & Katz 2005) . Presence of cognitive impairments may warrant alterations in the typical care process, such as need for healthcare providers to modify strategies to be able to effectively communicate and educate these patients. In particular, nurses play a large role in educating patients with moderate-to-severe TBI (Long et al. 2002) , and will likely need to alter their care plans in accordance with patient difficulties.
Yet, research has revealed gaps in nurses' knowledge and inconsistencies in clinical practice in caring for patients with TBI (Watts et al. 2011) . Current literature focuses on management of mild TBI or acute management of patients after moderate-to-severe TBI with limited to no literature focusing on non-acute management of patients with moderate-to-severe TBI. To the authors' knowledge, no literature could be located on nurses' perceptions of training and education to care for patients with cognitive impairments caused by a new moderate-to-severe TBI or a history of moderate-to-severe TBI. However, literature on nurses' perceived knowledge to care for patients with TBI exists, but only focuses on: (1) nursing management of patients with TBI and their families during the acute phase (Coco et al. 2011) ; (2) care of paediatric (Cook et al. 2013) ; or adult patients with mild TBI (Watts et al. 2011); and (3) nursing students' misconceptions or misattributions about patients with TBI (Linden & McClure 2012) . This presents a gap in knowledge on nurses' perceived knowledge and perceived confidence to care for patients with moderate-to-severe TBI.
Lack of research on this topic could have a negative influence on effective communication with and education of patients with moderate-to-severe TBI and their families. Patients and families are often concerned with expectations pertaining to recovery after TBI and speak with healthcare providers to obtain information and education (Turner et al. 2011) . Nurses are often in a position to provide such information to patients and family members, as they are typically in close proximity to patients and families and interact with them on a very frequent basis (Pieper & Bear 2011) . Nurses' perceived knowledge and perceived confidence on areas such as assessment and treatment procedures and rehabilitation and recovery after moderate-tosevere TBI might influence the education nurses provide to patients and their families, particularly if inaccurate knowledge and perceptions are held. Prior to understanding how nurses' perceptions influence care of patients with moderate-to-severe TBI, we must first understand nurses' perceptions of caring for these patients. Our study aims to fill the gap in knowledge on this topic.
Thus, the purpose of this study is to determine nurses' perceived knowledge and perceived confidence to care for patients with moderate-to-severe TBI. The objectives of this exploratory, cross-sectional study were to determine: (1) nurses' perceived knowledge about aspects of TBI and TBI care, (2) nurses' perceived confidence to perform specific care tasks for patients with TBI; and (3) nurses' level of training specific to care of patients with TBI. As there is no literature on the relationship between nurses' perceived knowledge and perceived confidence to care of patients with moderate-to-severe TBI to use in developing a hypothesis, we conducted a preliminary, exploratory study to investigate the relationship between these variables and other auxiliary variables.
Methods

Design & data collection
This study used a cross-sectional, exploratory design. In October 2014, an email invitation with the link to the electronic survey was sent to all (n = 2523) registered nurses at a large, Midwestern hospital in the U.S., with two followup email reminders (each two weeks apart). Nurses were eligible to participate if they were registered nurses and employed by the participating hospital. Primary places of employment included emergency room, ambulatory clinic/ physician office, inpatient unit, and other. This study was approved by the participating institutional review board, including a waiver of obtaining written informed consent from study participants.
Survey items
Authors developed the Perceptions of Brain Injury Survey (PBIS) by adapting two surveys: (1) a survey about school speech-language pathologists' perceived knowledge of and perceived confidence to provide services to students with TBI (Hux et al. 1996) , and (2) a survey on nurses' perceived knowledge and learning preferences regarding care of patients with mild TBI (Watts et al. 2011) . Findings in this article focus on perceived knowledge, perceived confidence and TBI-related training. Information about the development of the PBIS and the structure and psychometrics of the final PBIS are reported elsewhere (Oyesanya, Turkstra & Brown, under review 
Perceived knowledge
Twenty items asked nurses' about their perceived knowledge on various nursing care topics. Nurses were asked about their perceived knowledge of clinical guidelines, nursing care plans, medication management, stages of recovery, and treatment and therapy options. Perceived knowledge items were in a check-all-that-apply and Likert-type scale format with a four-point scale with the following ratings: 1 = none, 2 = some, 3 = moderate and 4 = expert. Nurses with higher scores on this subscale had higher perceived knowledge (x = 0Á99) (see Appendix S1 to review survey items).
Perceived confidence
Twenty-nine items focused on nurses' perceived confidence to conduct a list of nursing roles and responsibilities specific to non-acute care of patients with TBI and their families, along with assessment and treatment procedures. Perceived confidence items were in a check-all-that-apply format. Higher scores on this subscale indicate higher perceived confidence (x = 0Á98).
Training
There were 11 items focused on nurses' prior TBI-related training. Questions were asked about prior training history, including types of training, and frequency of providing care to patients with TBI. These questions were in a multiple choice, yes/no, and check-all-that-apply. Higher scores indicate nurses have more training to care for patients with moderate-to-severe TBI (x = 0Á89).
Demographics
Finally, demographic questions asked about age, gender, prior nursing education, total number of years in active nursing practice, total number of years in current nursing position, primary place of employment and primary role as a nurse.
Data analysis
Latent class analysis (LCA), a subset of structural equation modelling, is commonly used to detect homogeneity in a heterogeneous group by assessing relationships between responses on a set of indicators (Clogg 1995) . LCA is based on the assumption that participants differ in responses based on an observable latent trait (Clogg 1995) . LCA was used to locate homogeneous subgroups of nurses' perceptions of knowledge about aspects of TBI and TBI care (Objective #1). Authors then conducted exploratory and confirmatory factor analysis on perceived confidence items. Next, LCA was used to identify differences based on perceived knowledge in areas such as perceived confidence (Objective #2) and TBI-related training (Objective #3), as well as other auxiliary variables (demographics). We used MPLUS version 7.3 to conduct the analyses described below, including determining the class structure (Muth en & Muth en 2010).
Class structure was determined using perceived knowledge items. To determine class structure, we used the following criteria: (1) interpretability; (2) theoretical justification; (3) parsimony; (4) entropy variable >0Á7 (Celeux & Soromenho 1996); (5) the lowest Akaike's information criterion (AIC), Bayesian information criterion (BIC), and adjusted BIC (Fraley & Raftery 1998); (6) average posterior probability for each class (must be >0Á75 with no more than 10% overlap between non-contiguous clusters); (7) at least 2Á5% of total sample size in each group; (8) no significant improvement as assessed by Lo-Mendell Rubin and Vuong-Lo-Mendell-Rubin likelihood ratio tests. Table 1 lists AIC, BIC, adjusted BIC, results of both likelihood ratio tests, and p-values for these tests to indicate if the improvement in model fit was significant (Fraley & Raftery 1998). After identifying the class structure, each participant was assigned to a latent class according to his/her maximal posterior probability.
Outcome of the LCA
The LCA showed that a three-class structure for the perceived knowledge items had the best model fit (lowest AIC, BIC, adjusted BIC, and highest entropy with significant likelihood ratio rests). The three classes were defined as low (n = 133), moderate (n = 242) and high (n = 138) perceived knowledge. Classes were determined based on 
perceived knowledge of nursing topics specific to caring for patient with TBI, including: clinical guidelines, nursing care plans, medication management, stages of recovery, and treatment and therapy options (see Appendix S1 to review survey items). Information on goodness of fit for each of the tested class structures is listed in Table 1 . Results from both the Lo-Mendell-Rubin and Vuong-Lo-Mendell Rubin likelihood ratio tests confirmed that the three-class structure had a significant improvement in model fit compared to the two-class structure. The results from both likelihood ratio tests also confirmed that the four-class structure did not improve the model fit when compared to the three-class structure. Based on the criteria for determining class structure listed above, the three-class structure was the best fit for our data (see Fig. 1 ).
Exploratory and confirmatory factor analysis of perceived confidence items
Next, we used both exploratory and confirmatory factor analysis to develop a factor structure for the perceived confidence items. We began with exploratory factor analysis because a priori hypothesis on the structure of perceived knowledge and perceived confidence was not found in the literature (Kroonenberg & Lewis 1982 , Suhr 2006 . We used exploratory factor analysis to sequentially fit several models to the data set to determine a reasonable model fit (Kroonenberg & Lewis 1982) . Next, we used confirmatory factor analysis to confirm the model fit (Kroonenberg & Lewis 1982 , Suhr 2006 . This is considered the single sample approach, which is an alternative to the commonly used split sample approach (Kroonenberg & Lewis 1982) . The single sample approach is known to be more effective when data are guided by theory and clinical judgment (Kroonenberg & Lewis 1982) , similar to the data collected in this sample.
To conduct an exploratory and confirmatory factor analysis, Kroonenberg and Lewis (1982) recommend using the following steps: (1) perform an exploratory factor analysis; (2) adjust loadings by finding the largest loading in each column and setting the other loadings in the same rows to zero; (3) perform a confirmatory factory analysis; (4) set small loadings to zero to simplify the model; (5) perform a new confirmatory factor analysis using these restrictions; (6) examine the simplified model for appropriate fit; (7) if necessary, drop restrictions on loading(s), rerun confirmatory factor analysis, and examine the simplified model for appropriate fit; (8) stop if simplified model is satisfactory; (9) relax simplified model if it is too restrictive.
Beginning with step 1, we used MPLUS to run an exploratory factor analysis on the items in the perceived confidence items. Next, authors used the following fit indices to determine appropriateness of the simplified model: the Comparative Fit Index (CFI), Tucker Lewis Index (TLI), standardised root mean square residual (SRMR), and standardised factor loadings; we also used chi-square test of model fit (Suhr 2006) to determine the fit of the model. The closer the CFI, TLI and standardised factor loadings are to 1, the better the fit of the factor structure (Suhr 2006). Similar to the LCA, we also used AIC, BIC, and Adjusted BIC to determine the overall fit of the factor structure (Suhr 2006). After completing steps 1 and 2 outlined by Kroonenberg and Lewis (1982) , the proposed model for the perceived confidence items had two factors (29 items). Next, steps three to nine recommended by Kroonenberg and Lewis (1982) were performed to confirm the theorised factor structure and find a simplified model with a reasonable fit for the perceived confidence items, which was done by conducting a confirmatory factor analysis.
Outcome of confirmatory factor analysis of perceived confidence items
The following model fit indices were requested in MPLUS while running a confirmatory factor analysis to confirm the theorised structure of the perceived confidence items: CFI; TLI; chi-square test of model fit; root mean square error of approximation (RMSEA); weighted root mean square residual (WRMR); and standardised factor loadings. The above listed model fit indices suggested the two-factor model for the perceived confidence items had a reasonable fit. Details about the factor structure of perceived confidence are reported elsewhere (Oyesanya et al. under review) .
Factor 1 (reflective of roles and responsibilities) consisted of items on perceived confidence to conduct nursing roles and responsibilities specific to caring for patients with moderate-to-severe TBI, including: (1) interaction with patients, families, and other health care providers, (2) communication of patient-specific information, including providing patients, families, and colleagues with information about caring for a patient with TBI; and (3) developing a person-and family centred family-centered care plan. Factor 2 (reflective of assessment procedures and treatment procedures) was specific to perceived confidence to assess and treat deficits in a patient's level of consciousness, spontaneous movement and muscle tone, pupil size and reactivity, reflexes, muscle tone and posturing, and respiratory pattern, somatic complaints and response, and pain. Perceived confidence items were in a check-all-that-apply format (see Appendix S1). Higher scores on this subscale indicate higher perceived confidence.
Pairwise comparisons of auxiliary variables
Finally, we used the three-class structure identified by the LCA to conduct pairwise comparisons for auxiliary variables (i.e., demographics, perceived confidence and TBI-related training) using two-sample t-tests. 
Results
Sample size and response rate
Of the 2523 nurses who received the email invitation, 513 completed the PBIS. The response rate of full survey completion was 20Á3%. We defined response rate as the number of reporting units (e.g., the number of completed surveys) divided by the number of eligible reporting units (e.g., the number of nurses that received the email invitation) (Couper & Miller 2008) . In electronic surveys, typical response rates are 20% or lower (Shih & Fan 2009), therefore, our response rate is considered acceptable. Sample characteristics are described in Table 4 .
Perceived knowledge
Using latent class analysis, authors were able to divide the sample into three homogenous groups based on the perceived knowledge items: low, moderate and high perceived knowledge. The sample size of each subgroup varied. The low perceived knowledge group had 133 nurses (27Á4% of sample), the moderate perceived knowledge group had 242 (45Á7% of sample) and the high perceived knowledge group had 138 (26Á9% of sample). Analysis of auxiliary variables in each subgroup (i.e., demographics, perceived confidence and TBI-related training) showed significant differences (see Tables 2 and 3 ).
Demographics
The majority of nurses in the low, moderate and high perceived knowledge group were female and identified as staff registered nurses. Although most nurses from all groups worked on an inpatient unit, the low perceived knowledge nurses had the highest percentage of nurses from an 
Highest level of nursing education
Primary role
Years since graduation from highest nursing degree
Total years in active nursing practice, years
Total years in current nursing position, years 
Current work setting Primary care clinic
Age of patients seen 0-1 years
13-18 years
19-39 years
40-59 years
60 years and older
Does not see patients
p, Significance level; g, Hedges' effect size; h, Cohen's effect size. *Hedges' effect sizes were calculated for mean pairwise comparisons of the paired classes with a 95% confidence interval. 
Factor 2: Assessment and treatment procedures
TBI-related training Frequency of care Patients with moderate-to-severe TBI
Men with moderate-to-severe TBI
Women with moderate-to-severe TBI
Time since TBI-related training occurred, mean years 
Yes, had specific TBI-related training
Types of TBI-related training Undergraduate or graduate education
In-services, workshops, or continuing education
Location of TBI-related training Poster sessions, mini seminars, or short in-services
Conferences or workshops (half-or full-day)
University course taken after completion of degree
p, Significance level; g, Hedges' effect size; h, Cohen's effect size. *Hedges' effect sizes were calculated for mean pairwise comparisons of the paired classes with a 95% confidence interval.
inpatient unit (70Á7%), followed by the moderate (55Á4%) and high perceived knowledge nurses (43Á5%). The moderate perceived knowledge nurses were the youngest (37Á34 years), followed by the low (37Á67 years) and high perceived knowledge nurses (39Á91 years). The low and moderate perceived knowledge nurses received their highest nursing degree approximately 10 years prior to completing the, had approximately 12 years of active nursing practice, and had over five years of nursing practice at their current position. In contrast, the high perceived knowledge nurses received their highest nursing degree 14Á24 years prior to completing the survey and had the most nursing experience, with 14Á24 years in active nursing practice and 6Á84 years at their current nursing position (Table 2) .
Perceived confidence
Nurses in the low perceived knowledge group had the highest means on both factors of perceived confidence, followed by the moderate perceived knowledge nurses. The high perceived knowledge nurses had the lowest means on both perceived confidence factors compared to the low and moderate perceived knowledge groups (see Table 3 ).
TBI-related training
Nurses from all three perceived knowledge groups saw patients with moderate-to-severe TBI at the same rate, one to two patients with moderate-to-severe TBI per month. A mean between 2Á50-3Á50 on the frequency of care variable was interpreted as one to two patients with moderate-tosevere TBI per month, regardless of the gender of the patient. The low perceived knowledge group nurses reported the highest percentage of ever practicing with patients with moderate-to-severe TBI and of ever having completed specific TBI-related training. Moderate perceived knowledge nurses had the second highest rates of practicing with patients with TBI and receiving TBI-related training, followed by high perceived knowledge groups. For those who had completed specific TBI-related training in the low perceived knowledge group, the training occurred, on average, more than four years ago, which was the shortest time since TBI-related training of all three groups. In comparison, the moderate perceived knowledge nurses completed TBIrelated training an average of six years ago and high perceived knowledge nurses completed their TBI-related training an average of 10 years ago. Regardless of group, of those with TBI-related training, the most common type of training was continuing education. The most common location of TBI-related training was conferences or workshops.
Discussion
The purpose of this study was to investigate nurses': (1) perceived knowledge about aspects of TBI and TBI care, (2) perceived confidence to perform specific care tasks for patients with TBI; and (3) level of training specific to care of patients with TBI. Using latent class analysis, authors were able to divide nurses in this study into three homogenous sub-groups based on perceived knowledge: low, moderate and high. Findings show that nurses who report more experience caring for patients with TBI have the highest perceived confidence but the lowest perceived knowledge. The low perceived knowledge group nurses had the highest rate of experience practicing with patients with moderateto-severe TBI, TBI-related training, and overall perceived confidence. In comparison, the moderate perceived knowledge group had the second highest rate of experience practicing with patients with moderate-to-severe TBI and specific TBI-related training, as well as perceived confidence. Surprisingly, the highest perceived knowledge group had the lowest rate of experience practicing with patients with moderate-to-severe TBI, TBI-related training, and perceived confidence on all factors. These findings were counterintuitive. One would predict that nurses who perceive that they have more knowledge would have more experience practicing with patients with moderate-to-severe TBI, more training, and more perceived confidence, but this was not the case. Perhaps this can be described as 'the more you know, the more you realise your limitations.' This grouping of nurses based on perceived knowledge revealed perceptions mapped onto the Conscious Competence Learning Model, which is used to describe experiential learning (Cannon et al. 2014) . The Conscious Competence Learning Model consists of four stages, which are often depicted in a cyclical format. Movement from one stage to another is based on feedback and self-reflection (stage 1 to stage 2), practice and self-monitoring (stage 2 to stage 3), reflection and automatism, (stage 3 to stage 4), and improvement and self-growth (stage 4 to stage 1) (Cannon et al. 2014) .
Stage 1, the unconscious incompetence phase, is characterised with using intuition and limited insight to solve problems (Cannon et al. 2014) . People in this stage are unaware of the skills that they lack (referred to by Cannon as a 'blindspot'). The low perceived knowledge group can be compared to the unconscious incompetence phase, which explains our findings of low perceived knowledge and high perceived confidence. The moderate knowledge group can be compared to the conscious incompetence phase, stage 2 (Cannon et al. 2014) . People in the conscious incompetence phase recognise problems using their intuition, attempt to use logic to solve problems, and are more aware of problem-solving skills they lack. This stage explains our findings of moderate perceived knowledge and moderate perceived confidence in this group. The high perceived knowledge group can be likened to the conscious competence phase, stage 3, which is characterised by having acquired skills that are useful in logical problem solving, along with awareness of present skills and skills that are lacking (Cannon et al. 2014) . The findings of high perceived knowledge and low perceived confidence in this group are likely similar to what is experienced during the conscious competence stage. Finally, the unconscious competence phase, stage 4, is characterised by having intuitive skills to solve problems logically and applying these skills spontaneously to new situations (Cannon et al. 2014) . Nurses in this stage have extensive experience, can problem solve unconsciously in a logical manner, and are unaware of the skills they have. Stage 4 is a goal for healthcare providers. We did not have any findings representative of this stage. Although this study focuses on nurses, these findings may apply to other types of healthcare providers.
The limited research on nurses' perceived knowledge specific to caring for patients with TBI emphasises the importance of nurses having accurate knowledge to care for these patients. A study focusing on nurses' perceived knowledge to care for patients with mild TBI, which also included nurses who did and did not provide care to patients with TBI on a regular basis (Watts et al. 2011), had similar findings compared to our study. According to Watts et al. (2011) , nurses in their sample cared for patients with mild TBI at a similar frequency as nurses in our study who cared for patients with moderate-to-severe TBI; most nurses from both the Watts et al. (2011) sample and our sample saw at least one to two patients with TBI per month. Although Watts et al. (2011) did not use a statistical analysis technique to divide nurses into homogenous subgroups based on perceived knowledge like we did, their findings show that many nurses had low perceived knowledge to care for patients with mild TBI. Few nurses in their sample (ranging from 15-39Á8%) reported a high level of perceived knowledge on various nursing care roles and responsibilities (Watts et al. 2011) . In contrast, our findings show nurses who report caring for patients with moderateto-severe TBI the most have the highest perceived confidence, but the lowest perceived knowledge. Our findings build on those of Watts et al. (2011) and add new knowledge to the literature on nurses' care of patients with moderate-to-severe TBI, such as new information on nurses' variations in perceived knowledge, perceived confidence, and TBI-related training. Taken together, these findings emphasise the need for additional education and training for nurses who care for these patients.
Evidence-based practice guidelines emphasise the importance of having appropriate resources available to care for patients, including specialised training of staff, which helps protect the health of patients (Thoroddsen et al. 2010) . Specialised training and education about caring for patients with TBI provides the nurse with knowledge of the pathophysiology of TBI, how to interpret the patient's assessments and corresponding treatments, current evidencebased practice guidelines, and strategies for collaborating with the interdisciplinary team (McQuillan & Mitchell 2002) . This specialised knowledge allows the nurse to maintain and improve the patient's cognitive, psychosocial and emotional health (McQuillan & Mitchell 2002) . When patients have specific medical conditions, nurses must have corresponding specific knowledge, so they can achieve outcomes predicted by best practice research (Thoroddsen et al. 2010) .
Most nurses from all groups reported high rates of experience practicing with patients with moderate-to-severe TBI, but had limited TBI-related training. The low levels of TBIrelated training across all respondents are concerning given the above-noted links between training and patient outcomes. Variations in training also could lead to inconsistencies in quality of patient care (Seel et al. 2015) . The complex roles and responsibilities of nurses caring for patients with TBI, including providing care during acute and non-acute phases of recovery, support the need for specialised provider training and education (Long et al. 2002) .
Relevance to clinical practice
These findings have implications for clinical practice globally. First, there is a high incidence of TBI in the U.S. and around the world, which increases the number of patients with TBI that seek care from nurses on a regular basis. This emphasises the need for nurses to have adequate knowledge to care for these patients. Second, continuing education in specialty areas often is self-directed, and nurses who believe that they are knowledgeable about TBI might not seek out opportunities for training and education in this area. Training based on formal assessment of knowledge might be more effective than relying on nurses' perceptions, particularly in an area in which knowledge is rapidly evolving and could substantially alter care plans. An example is the conceptualisation of TBI as a chronic disease (Corrigan & Hammond 2013) . Third, the PBIS can provide direction to determine inaccurate perceptions before educating and training nurses. This survey can be used by clinicians to determine baseline perceived knowledge, perceived confidence and training to care for patients with TBI. Education and training for individual nurses, nurses on specific units, or all nurses at the hospital level can be tailored accordingly.
Fourth, the data revealed specific areas in which nursing care could be improved, such as effective communication and teaching strategies for patients with TBI who have cognitive impairments. For example, many of the published disability accommodations for students with TBI are directly applicable to nursing care. These accommodations include: (1) decreasing distractions in the immediate environment to compensate for attention problems; (2) dividing teaching into smaller sessions and using simplified language, to address cognitive fatigue; (3) using written notes to compensate for memory impairments; and (4) repeating information frequently (Tyler et al. 1999) . Any of these accommodations could be implemented in nursing practice.
Fifth, the complex clinical care needed for patients with moderate-to-severe TBI suggests the need for additional clinical guidelines to direct non-acute care. The majority of available nursing clinical guidelines focus on care of patients with mild TBI or critical care of patients with severe TBI. We could find no nursing-specific clinical guidelines for postacute medical and rehabilitation care of patients with moderate-to-severe TBI. The Brain Injury Association of America has also called for TBI researchers and clinicians to develop and distribute TBI rehabilitation guidelines to improve patient care (Brain Injury Association of America, 2014). More clinical guidelines are needed to ensure care of patients with moderate-to-severe TBI is directed by evidence-based practice.
Limitations
A convenience sample was used to recruit participants from a single hospital. We choose to survey all nurses from one hospital and its affiliated clinics, regardless of specialty or work setting, frequency of care or training to care for patients with moderate-to-severe TBI. Therefore, findings may not be representative of nurses worldwide who frequently care for patients with TBI. This was suitable for our purposes are this is a preliminary, exploratory study. Also, when asking about frequency of providing care to patients with TBI, we did not specify whether we were focusing on new moderate-to-severe TBI or a history of moderate-to-severe TBI and nurses may have answered questions only in reference to new moderate-to-severe TBI. It is likely that the mean percentage of those who have experience practicing with patients with TBI and frequency of providing care to patients with TBI is higher when including both new TBI and a history of TBI. We chose not to differentiate between a new TBI and a history of TBI to allow for easier data collection. Finally, this study only focused on nurses' perceptions of knowledge and confidence but did not test actual knowledge levels. This was suitable for our purposes because understanding nurses' perceptions is the first of multiple studies focused on nursing care of patients with moderate-to-severe TBI.
Future research
Although we chose to survey nurses across hospital departments, future research might focus on nurses who frequently care for patients with TBI, such as emergency room, ICU, trauma, and rehabilitation nurses. We surveyed nurses across hospital departments because patients with TBI can be found on any hospital unit, but education and training needs might differ depending on the type of care needed. Because TBI is a chronic disease (Corrigan & Hammond 2013 ), future research also should ask separately about patients with new TBI vs. a history of TBI, as these groups have different care requirements. A related gap in the literature is information about how best to care for patients who are likely to have chronic health and cognitive problems, and how this translates into the discharge process. Finally, future research should include a valid and reliable test of nurses' actual knowledge to care for these patients to better identify gaps in knowledge, including areas where additional training and education are needed.
Conclusion
This study demonstrated differences among nurses in perceived knowledge, perceived confidence, and TBI-related training. Variability on all variables of focus across nurses supports the development and testing of educational and training interventions for all nurses, to ensure consistency of care for patients with TBI and to optimise patient outcomes. Although nurses may vary in the frequency with which they care for patients with moderate-severe TBI, all nurses should be knowledgeable about caring for these patients as they patients can be found on any hospital unit, around the world. Corrigan JD & Hammond FM (2013) 
